Secretion of a gastrointestinal hormone, cholecystokinin, by hop-derived bitter components activates sympathetic nerves in brown adipose tissue.
Matured hop bitter acids (MHBA) are oxidation products from bitter components in hops, which are used widely as food materials to add flavor and bitterness in beer production. Our previous study has shown that MHBA induces thermogenesis in brown adipose tissue (BAT) via sympathetic nerves in rodents and reduces body fat in healthy adults. However, it is unclear how MHBA affects the sympathetic nervous system. In this study, we demonstrate that MHBA treatment of enteroendocrine cells increases Ca2+ levels and induces the secretion of the gastrointestinal hormone, cholecystokinin (CCK), in a dose-dependent manner. These effects were eliminated by Ca2+ depletion from the medium or blockers of L-type voltage-sensitive Ca2+ channels during pretreatment. Induction of CCK secretion by MHBA was also confirmed using isolated rat small intestines. Elevation of the sympathetic nerve activity innervating BAT (BAT-SNA) and BAT temperature by MHBA administration in rats was blocked by pretreatment with a CCK receptor 1 (CCK1R) antagonist. Moreover, the intraperitoneal injection of CCK fragment elevated BAT-SNA, and this increase was blocked by subdiaphragmatic vagotomy. These results demonstrate that MHBA induces CCK secretion in the gastrointestinal tracts and elevates BAT-SNA via CCK1R and vagal afferent nerves. In addition, MHBA increases BAT temperature via CCK1R. Our findings reveal a novel mechanism of the beneficial metabolic effects of food ingredients.